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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

1. (Currently amended) A pattern measuring apparatus comprising: 

a storage device wh i ch stores to store a plurality of patt e rn images of a pattern to 
be measured and predetermined edge reference data A wh i ch i s us e d as a roforonco to 
d o t o ct an odgo of tho patt e rn w i th i n the pattorn images and i s conf i gur e d of the. 
predetermined edge reference data comprising a plurality of pixels that ar o d i sposed so 
as-te have an intensity gradient, the patt e rn images bo i ng obtained having been 
captured by an external imaging device at different focal distances; 

a processor to. for each of the images. (i) scan the image, using the 
predetermined edge reference data, to detect edge points of the image and (ii) output a 
plurality of correlation values that indicate correlations between the edge reference data 
and the edge points: 

a calculator which scans tho pattorn i mago w i th said odg o r o foronco data, 
d o t o cts o dgo po i nts of tho pattorn. and a l so ca l cu l ates to. for each of the images, 
calculate a charact e rist i c quant i ty standardized correlation value that expresses a 
correlation between said the predetermined edge reference data and the detected edge 
points of the pattern image, based on the correlation values : 

a determinator wh i ch determ i n e s to. for each of the images, determine an in- 
focus state that oxpr e ssos tho dogroo to which tho focal posit i on at wh i ch each pattorn 
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i mag e i s obta i ned conforms to a des i r e d patt e rn edge of the image , based on the 
ca l cu l at e d charaotorist i c quant i ty standardized correlation value for the image : 

an image selector wh i ch se le cts to select one of the pattern i mago that conforms 
to measur e m e nt of tho patt e rn images from [[a]] the plurality of the pattern images, m- 
accordanco with the determined in-focus state of the selected image matching a 
preselected in-focus state determ i nat i on resu l t of sa i d in focus stat e detorm i nator ; and 

a measurer wh i ch process e s to process the selected patt e rn image to measure 
the pattern. 

2. (Currently amended) The pattern measuring apparatus according to claim 
1, wherein said the external imaging device includes an optical system wh i ch that is 
capable of adjusting a focal position thereof within a range defined by an integer 
multiple of a predetermined step width from a predetermined initial value[[;]] 2 and 

the plurality of tho pattern images are pattern images that have been obtained by 
i maging captured at each of a plurality of focal positions calculated by adding integer 
multiples of the step width to said the initial value. 

3. (Currently amended) The pattern measuring apparatus according to claim 
1 , wherein said the image selector selects a plurality of patt e rn the images,, ift- 
accordanco w i th the determined in-focus states of the selected images matching 
preselected in-focus states d o t o rmination results of sa i d i n focus stato dotorm i nator; , 

said the pattern measuring apparatus further comprises an image processor 
which performs to perform alignment processing among said the selected p l ura li ty of 
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patt e rn images and superimposes superimpose in a single coordinate system the edge 
points of the pattern with i n tho pattern selected images[[;]] 4 and 

sai4 the measurer measures the pattern on the basis of position coordinates of 
pattern the edge points that have been sup o rpos o d superimposed in sai4 the single 
coordinate system. 

4. (Currently amended) The pattern measuring apparatus according to claim 
1 , wherein said the image selector selects a plurality of pattern the images A m- 
accordance w i th the determ i nation results of sa i d i n focus state d e t e rminator; 
determined in-focus states of the selected images matching preselected in-focus states, 

said the pattern measuring apparatus further comprises an image processor 
wh i ch p e rforms to perform alignment processing betw ee n said among the selected 
plura li ty of pattern images and performs perform image processing to combine the 
selected pattern images[[;]] A and 

sai4 the measurer measures the pattern on the basis of the combined pattern 
images. 

5. (Currently amended) The pattern measuring apparatus according to claim 
1 , wherein only edge points of th o pattern which that have been detected from in 
previously proc e ss e d patt e rn scanned images and wh i ch that are within a 
predetermined range are scanned with said the predetermined edge reference data. 
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6. (Currently amended) The pattern measuring apparatus according to claim 
1 , wherein the pattern has a plurality of odgo li nos; edges. 

said the calculator classifies said the detected edge points that havo b ee n 
dotootod into an edge point groups group for each of sa i d odgo li noo the edges , and 
calculates a charactor i st i c quant i ty the standardized correlation value for each of said 
the edge point groups that have been classified!!;]^ and 

said the determinator determines the in-focus state of the pattern image for each 
of said the edge point groups that have been classified. 

7. (Currently amended) A pattern measuring apparatus wh i ch that is 
connectable to an external imaging device and wh i ch inspects that measures a pattern 
to bo measured on the basis of a patt e rn an image of the pattern that is supplied from 
the external imaging device, the external imaging device capturing [[an]] the image of 
the pattern to be m e asured with an optical system, a focal position of the optical system 
being adjustable with respect to the pattern by an integer multiple of a predetermined 
step width from a predetermined initial value, said the pattern measuring apparatus 
comprising: 

a storage device which stor e s to store predetermined edge reference data which 
i s us o d as a roforenc e to d e t e ct an odg e of tho pattern w i thin patt e rn i mages and wh i ch 
i s configured of comprising a plurality of pixels that aro dispos e d so as to have an 
intensity gradient; 

a processor to. for each of the images, (i) scan the image, using the 
predetermined edge reference data, to detect edge points of the image and (ii) output a 
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plurality of correlation values that indicate correlations between the predetermined edge 
reference data and the edge points; 

a characterist i c quant i ty calculator wh i ch scans each pattern i mage w i th oa i d 
e dg e r e f e r e nc e data, d e t e cts e dg e po i nts of th e patt e rn to be measur e d, and a l so 
calculates to, for each of the images, calculate a charact o rist i c guant i ty standardized 
correlation value that expresses a correlation between the dotoctod pattern and sa i d 
predetermined edge reference data and the detected edge points of the image, based 
on the correlation values ; 

a determinator wh i ch determines to, for each of the images, determine an in- 
focus state that e xpr e ss e s th e d e gr e e to which the foca l pos i t i on at wh i ch e ach patt e rn 
i mag e i s obta i n e d conforms to a d e s i r e d patt e rn e dg e of the image , based on said- 
charact e r i stic quant i ty that has b ee n ca l cu l at e d the standardized correlation value for 
the image ; 

a measurer wh i ch op e rat e s to , for each of the images, process the patt e rn image 
to measure the patter^ if sa\4 the determinator has determined that the foca l pos i tion at 
th e t i me of captur e of th e patt e rn i mag e conforms to sa i d d e s i r e d patt e rn e dg e in-focus 
state of the image matches a preselected in-focus state ; and 

a focal-position controller wh i ch gonorates to, for each of the images, generate 
and outputs output control signals to change the focal position of the optical system of 
the external imaging device^ if sate the determinator has determined that the foca l 
posit i on at tho timo of capture of the pattern i mag e do e s not conform to sa i d desir e d 
patt e rn e dg e in-focus state of the image does not match the preselected in-focus state . 
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8. (Currently amended) The pattern m e asur e m e nt measuring apparatus 
according to claim 7, wherein only a predetermined range of edge points of tho pattern 
wh i ch that have been detected from in previously proc e ssed patt e rn scanned images 
are scanned with sate the predetermined edge reference data. 

9. (Currently amended) The pattern measurement measuring apparatus 
according to claim 7, wherein the pattern to be measured has a plurality of e dg e li n e s; 
edges, 

sa i d character i st i c quant i ty the calculator classifies sate the detected edge points 
that hav o been d e tect e d into an edge point groups group for each of the odgo li no 
edges to calculate sa i d charact e rist i c quant i ty the standardized correlation value for 
each of sate the edge point groups that have been classified[[;]] A and 

sate the determinator determines the in-focus state of the patt e rn i mag e s image 
for each of sate the edge point groups that have been classified. 

10. (Currently amended) The pattern measuring apparatus according to claim 
7, wherein s ai d charact e ristic quantity the standardized correlation value is calculated 
by using a plurality of sets of sate predetermined edge reference data. 
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1 1 . (Currently amended) A method of measuring a pattern to bo moasurod 
from based on a plurality of pattern images obtained by captur i ng of the pattern 
captured by an imaging device at different focal positions, said pattern measur i ng the 
method comprising: 

detecting edge points of each of the images by scanning the image using 
predetermined edge reference data that comprises a plurality of pixels having an 
intensity gradient; 

dotoct i ng edgo points of a patt e rn to b o m o asurod by scann i ng th o patt e rn with 
odg e r e f e ronco data which i s us o d as a roforonco to d e tect e dges of tho pattern w i th i n 
patt e rn i mag e s and wh i ch i s conf i gur e d of a plura li ty of p i x el s that ar e d i spos e d so as to 
hav e an int e nsity grad ie nt, and a l so calculating , for each of the images, a charact e r i st i c 
quant i ty wh i ch standardized correlation value that expresses a correlation between said 
the predetermined edge reference data and the pattern, the edge points of wh i ch havo 
beeft detected edge points of the image ; 

determining , for each of the images, an in-focus state that e xpr e ss e s th e d e gr ee 
to wh i ch th e focal pos i t i on at wh i ch e ach obta i ned patt e rn i mag e i s obtain e d conforms to 
a d e s i r e d patt e rn e dg e of the image , based on said charact e r i st i c quant i ty that has b ee n 
ca l cu l at e d the standardized correlation value for the image ; 

selecting one of the patt e rn image wh i ch conforms to measur e m e nt of th e patt e rn 
from a p l ura l ity of the patt e rn i mag e s, i n accordanc e w i th images from the plurality of 
images, the r e su l t of d e t e rmin i ng sa i d i n focus stat e determined in-focus state of the 
selected image matching a preselected in-focus state ; and 

processing the selected pattern image to measure the pattern. 
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12. (Currently amended) The pattern m o asur o mont measuring method 
according to claim 11, wherein the imaging device includes an optical system whieh that 
is capable of adjusting a focal position thereof within a range defined by an integer 
multiple of a predetermined step width from a predetermined initial value[[;]]i and 

the plurality of tho pattern images ar o patt e rn imag e s that have been obta i ned by 
i maging captured at each of a plurality of focal positions calculated by adding i ntegral 
integer multiples of the step width to sate the initial value. 

1 3. (Currently amended) The pattern measuring method according to claim 1 1 , 
wherein a plurality of pattern the images are selected a in accordanc e with the resu l t of 
d e t e rm i n i ng sa i d i n focus stat e ; and determined in-focus states of the selected images 
matching preselected in-focus states. 

said the pattern measuring method further comprises aligning among the 
selected pattern images , sa i d pattern and superimposing the edge points boing 
oupor i mposod of the selected images in a single coordinate system with i n tho pattern 
i m a g o o , and 

the pattern being is measured on the basis of the position coordinates of the 
superimposed pattern edge points. 

14. (Currently amended) The pattern measuring method according to claim 1 1 , 
wherein a plurality of pattern the images are selectedi i n accordance with the r e su l t of 
determ i n i ng sa i d i n focus otato: and determined in-focus states of the selected images 
matching preselected in-focus states. 
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said the pattern measuring method further comprises aligning the selected 
pattern images and combining the patt e rn selected images, and 

the pattern b ei ng is measured based on the combined patt e rn images. 

15. (Currently amended) The pattern measuring method according to claim 1 1 , 
further comprising: 

scanning* w i th sa i d using the predetermined edge reference data* only a 
predetermined range of edge points of th o pattern wh i ch that have been detected from 
in previously procossod pattern scanned images. 

16. (Currently amended) The pattern measuring method according to claim 1 1 , 
wherein the pattern to be measured has a plurality of odgo li nes; edges, 

said the pattern measuring method further comprises classifying said the 
detected edge points that havo boon det e ct e d into an edge point groups group for each 
e dg e li n e ; of the edges, 

where i n sa i d charact e r i stic guant i tv the standardized correlation value is 
calculated for each of said the edge point groups that have been classified^;]]* and 

the in-focus state of the pattern imag e s image is determined for each of said the 
edge point groups that have been classified. 

17. (Currently amended) The pattern measuring method according to claim 1 1 , 
wherein sa i d charact e r i st i c quantity the standardized correlation value is calculated by 
using a plurality of sets of said predetermined edge reference data. 
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18. (Currently amended) A method of measuring a pattern based on an image 
of [[a]] the pattern to bo measur e d wh i ch that is obta i ned captured by an imaging 
device^ wh i ch captures tho pattern to bo measur e d and inc l udes the imaging device 
including an optical system with a focal position thereof being adjustable with respect to 
the pattern by an integer multiple of a predetermined step width from an initial value, 
sajd the method comprising: 

detecting edge points of a pattern to be measured the image by scanning [[an]] 
the image of tho pattern w i th using predetermined edge reference data which is us e d as 
a roforenc e to d e t e ct th o o dg o points of tho pattern and wh i ch is configured of thai 
comprises a plurality of pixels that ar e d i sposed so as to hav e having an intensity 
gradient , and ^ 

calculating a characterist i c quant i ty which standardized correlation value that 
expresses a correlation between saM the predetermined edge reference data and the 
pattern, an edg e of which has boon detected edge points of the image ; 

determining an in-focus state that expresses th e d e gr oo to wh i ch the foca l 
pos i t i on at wh i ch e ach patt e rn i mag e is obta i n e d conforms to a d e s i r e d patt e rn e dg e of 
the image , based on said character i st i c quant i ty that has be e n ca l culat e d the 
standardized correlation value ; 

processing the image of th e patt e rn to measure the patter^ if it has been 
determined that the foca l posit i on at the t i me of capture of the patt e rn image conforms 
to said desired patt e rn e dg e in-focus state matches a preselected in-focus state ; and 

obta i ning capturing a new image of the pattern at a different focal positions 
position, ufrtfl if it is determined that it conforms to sa i d des i red patt e rn o dge by varying 
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tho foca l posit i on of th o optical system i f it has b e en det e rm i ned that tho foca l pos i tion at 
tho t i mo of capture of th e patt e rn imago doos not conform to sa i d dosirod pattern e dge 
the in-focus state does not match the preselected in-focus state . 

19. (Currently amended) A method of manufacturing a semiconductor device 
comprising a method of measuring a pattern to b e measur e d from based on a plurality 
of patt e rn images of the pattern that are captured and obta i ned at different focal 
positions by a patt e rn an imaging device, said the method of m e asur i ng the patt e rn 
i nc l uding comprising : 

detecting edge points of a pattern to bo m e asured each of the images by 
scanning the patt e rn w i th image using predetermined edge reference data wh i ch i s 
us e d as a r e f e r e nc e to d e t e ct e dg e s of th e patt e rn with i n patt e rn i mag e s and wh i ch i s 
conf i gured of that comprises a plurality of pixels that ar o d i spos e d so as to hav e having 
an intensity gradient , and a l so ^ 

calculating , for each of the images, a characteristic quant i ty which standardized 
correlation value that expresses a correlation between sai4 the predetermined edge 
reference data and the patt e rn, th e e dg e points of wh i ch hav e b ee n d e t e ct e d detected 
edge points of the image ; 

determining , for each of the images, an in-focus state that o xpr o ssos tho degree 
to wh i ch th e foca l posit i on at wh i ch each obtain e d patt e rn i mag e i s obtain e d conforms to 
a d e s i red pattern edg e of the image , based on sa i d characteristic quant i ty that has been 
ca l cu l at e d the standardized correlation value for the image : 



-12- 



Attorney Docket No. 02887.0270-00 Application No. 10/807,187 

selecting one of the pattern i mag o wh i ch conforms to measurement of th e patt e rn 
from a p l ural i ty of tho patt e rn i mages, i n accordance with images from the plurality of 
images, the r e su l t of dotormining said i n focus stat e determined in-focus state of the 
selected image matching a preselected in-focus state ; and 

processing the selected pattern image to measure the pattern. 

20. (Currently amended) A method of manufacturing a semiconductor device 
comprising a method of measuring a pattern based on an image of [[a]] the pattern te-be 
moasurod which that is obta i n e d captured by an imaging device^ wh i ch captur e s th o 
pattern to b o measured and includ e s the imaging device including an optical system 
with a focal position thereof being adjustable with respect to the pattern by an integer 
mult i p l es multiple of a predetermined step width from an initial value, said the method ef- 
m e asur i ng th e patt e rn i nclud i ng comprising : 

detecting edge points of a pattern to be measur e d the image by scanning [[an]] 
the image of the patt e rn with using predetermined edge reference data wh i ch i s us e d as 
a r e f e r e nce to detect tho edge po i nts of th e patt e rn and which is conf i gured of thai 
comprises a plurality of pixels that ar e dispos e d so as to hav e having an intensity 
gradientTnaf^d; 

calculating a charact e ristic quant i ty wh i ch standardized correlation value that 
expresses a correlation between said the predetermined edge reference data and the 
pattern, an odoe of wh i ch has boon d o t o ctod detected edge points of the image ; 

determining an in-focus state that e xpr e ss e s th e d e gr ee to which th e foca l 
pos i t i on at which each patt e rn i mago is obtained conforms to a d e sir e d pattern edg e oL 
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the image , based on oa i d oharact o riotic quant i ty that has boon ca l culat e d the 
standardized correlation value ; 

processing the image of tho pattern to measure the pattern^ if it has been 
determined that the foca l pos i t i on at th e timo of capture of tho pattern imago conforms 
to sa i d d e sir e d patt e rn e dg e in-focus state matches a preselected in-focus state ; and 

obta i ning capturing a new image of tho pattern at a different focal pos i t i ons 
position, tmtil if it is determined that it conforms to said dos i rod patt e rn e dge by vary i ng 
tho foca l pos i tion of tho opt i ca l system if it has boon dotorm i nod that th e focal pos i t i on at 
th o t i mo of capture of th e pattern i mag e doos not conform to said dosirod pattern odg e 
the in-focus state does not match the preselected in-focus state . 
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